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Table 1 Comparisons of the useful components in Nanyishan oil-field brine mg/L
5 g 4 o A
NaCl B,0, K* Br~ - Li Sr*
PR ILTH KA S (A) 253 3.0 6 400 48.3 33.4 167 563.4
Ziar A K 2. (B) 100 0.40 1 500 300 20 25 3.0
A/B 2.5 7.5 4.3 0.16 1.7 66.7 188
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Table 2 Isopiestic Molalities and Osmatic Coefficients of SrCl, (A) — LiCl(B) aqueous mixtures at 25°C
my my (<] my my [¢)] my my [¢}]
m" =0.268 88 @" =0.921 26 m" =2.09340 &" =0.988 95 m* =1.20681 @" =0.944 01
0.203 4 0.0 0.81184 0.793 1 0.0 0.95761 1.2779 0.0 1.080 04
0.148 6 0.06360 0.86475 0.606 2 0.2595 0.97471 0.9840 0.4212 1.091 23
0.1123 0.1124  0.88183 0.4607 0.4609  0.98897 0.7519 0.7524 1.101 11
0.071 5 0.167 1 0.90288 0.2953 0.690 3 1.00523 0.4856 1.1352  1.11091
0.048 4 0.1945 0.92745 0.2042 0.8199 1.011 68 0.3369 1.3530 1.114 06
0.025 1 0.2263 0.93859 0.1058 0.956 4 1.02164 0.1753 1.5845 1.120 58
0.0 1.095 1 1.040 30  0.00 1.806 3  1.146 17
m*=0.3125 & =0.9205 m"=2.4491 @ =1.0100 m"=1.3303 @ =0.9495
0.2256 0.0 0.0000  0.864 4 0.0 0.000 0 1.459 9 0.00 0.000 0
0.00 0.304 4 0.000 0 0.00 1.216 0 0.000 0 0.00 2.1340  0.000 0
m”*=0.5363 & =0.92138 m” =2.9055 @ =1.0390 m"=1.493 @" =0.9574
0.377 0 0.0 0.0000  0.959 3 0.0 0.000 0 1.684 0 0.0 0.000 0
0.0 0.514 0 0.000 0 0.0 1.354 6 0.000 0 0.0 2.4962  0.000 0
m" =0.62819 &" =0.923 74 m” =3.0046 @ =1.0455 m* =1.769 34 &" =0.971 13
0.440 7 0.0 0.87787 1.1095 0.0 1.03248 1.729 1 0.0 0.000 0
0.3328 0.1424 0.904 46 0.8511 0.364 3 1.047 09 0.0 2.5707  0.000 0
0.2512 0.2513  0.92394 0.6502 0.650 6 1.056 88 m"™ =3.12639 @" =1.053 72
0.161 0 0.376 4  0.93916 0.4183 0.977 8 1.07039 1.793 8 0.0 1.224 31
0.110 5 0.4439 0.95175 0.2897 1.163 4 1.07534 1.38388 0.5945 1.23032
0.057 3 0.5178 0.96121 0.1507 1.361 7 1.08221 1.068 9 1.069 5 1.232 51
m"=1.0054 & =0.93538 m"=2.1769 & =0.993 8 0.693 7 1.6214  1.237 58
0.674 0 0.0 0.000 0O 1.321 0 0.0 0.0000 0.4827 1.9386  1.237 24
0.0 0.929 8 0.000 0 0.0 1.915 8 0.0000 0.2525 2.2817 1.23823
m* =3.2494 @ =1.0621 m* =5.08341 ¢@* =1.197 99 m*=5.0528 @ =1.1956
1.8459 0.0 0.0000 2.6795 0.0 1.51520 2.6617 0.0 0.000 0
0.0 2.761 0 0.0000 2.0910 0.895 1 1.510 54 0.0 4.1247  0.000 0
m* =3.56077 @" =1.083 80 1.6195 1.620 5 1.503 74 m" =5.5098 @ =1.2314
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1.991 9 0.0 1.291 60 1.058 0 2.473 1 1.499 96  2.858 2 0.0 0.000 0
1.547 4 0.662 4 1.29353 0.7408 2.975 1 1.490 33 0.0 4.457 2 0.000 0
1.190 9 1.191 6 1.29595 0.3895 3.520 1 1.483 74 m* =5.509 8 @* =1.231 4
0.776 5 1.8151 1.29510 0.200 1 3.8152 1.47978 2.858 2 0.0 0.000 0
0.5412 2.173 4 1.292 78 m* =5.47341 ¢@" =1.228 54 0.0 4.457 2 0.000 0
0.283 0 2.557 4 1.294 21 2.848 5 0.0 1.57379 m* =6.02447 @* =1.27191
0.0 2.8913 1.33477 2.2249 0.9525 1.567 49 3.086 7 0.0 1.654 98
m"=4.1915 & =1.1297 1.727 6 1.727 3 1.55777 2.4109 1.0320 1.648 45
2.2853 0.0 0.000 O 1.127 7 2.636 1 1.553 79 1.871 4 1.872°5 1.637 43
0.0 3.4851 0.0000  0.790 2 3.173 5 1.54270 1.2258 2.8654 1.628 87
m" =4.27194 @ =1.1363 0.4159 3.758 0 1.53460 0.859 6 3.452 2 1.616 03
2.3172 0.0 0.213 7 4.074 9 1.52983 0.453 0 4.093 8 1.605 27
0.0 3.546 5 0.000 0 m" =5.54382 @" =1.23408 m” =4.81840 @" =1.274 17
m" =4.7135 & =1.173 95 2.8776 0.0 1.585 01 3.466 0 0.0 1.771 32
2.545 4 0.0 1.467 71 2.224 9 0.952 5 1.594 81 2.712 1 1.161 0 1.761 12
1.983 2 0.849 0 1.465 53 1.726 2 1.727 3 1.584 92  2.109 4 2.1107 1.745 86
1.534 8 1.5357 1.460 15 1.127 7 2.636 1 1.580 87 1.380 7 3.227 4 1.738 07
1.002 6 2.343 6 1.456 50  0.790 2 3.173 5 1.569 58  0.969 5 3.893 3 1.722 15
0.701 4 2.816 7 1.448 52 0.4159 3.758 2 1.56125 0.5113 4.620 1 1.709 50
0.368 8 3.3323 1.44229 0.2137 4.074 9 1.556 50  0.263 1 5.0153  1.702 29
m"" =6.56983 @ =1.52115 0.0450 4.381 1 1.53789 0.054 9 5.3378 1.699 07
1.3117 5.2679 2.07181 m"" =8.37629 &" =1.73272 m”" =9.60082 @* =1.85184
0.691 4 6.247 7 2.05778  0.869 4 7.856 48 2.376 55 0.507 55 9.676 57 2.554 99
0.356 0 6.786 4 2.04780 0.4467 8.51770 2.369 51 0.507 04 9.667 01  2.557 52
0.074 29 7.2277 2.04255 0.093 12 9.059 58 2.366 57 0.105 85 10.298 23 2.550 32
m*" =11.9188 @" =2.029 78 m"" =14.24543 @* =2.137 45 0.0 10.463 3 2.548 78
0.130 05 12.652 68 2.824 53 0.156 76 15.2515 2.94992 m*" =16.75396 @ " =2.226 88
0.0 12.806 76  2.833 57 0.0 15.364 6 2.9726 0.187 81 18.2719 3.016 32
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Table 3  Pitzer parameters for the single electrolytes in the system Li* ,Na
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JK* 8P Ca’t//Cl7 —H,0 (R ZR 25 °C B (Y B FL A% 5t Pitzer 223K

*KTL,SPt,Ca’t//ClT —H,0 at 25 °C

HLA#R I B B BRWE m Vi ik 2 i Ak
LiCl 0.208 2 -0.07264  -0.004 141 19.219 19.958 [3,10]
NaCl 0.076 5 0.266 4 0.001 27 6.0 6.153 4 [3,10]
KCl 0.048 35 0.2122 -0.000 84 4.8 4.8112 [3,10]
SrCl, 0.276 9 1.613 9 0.000 495 4.083 3.5023 [12]
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Table 4 Pitzer mixing parpameters at 25 °C used for the solubility predicition

C Cl 0(1(11 l//m"(ll %ﬁﬂe%
Na K -0.012 ~0.001 8 [3,10]
Na Ca 0.07 -0.007 [3,10]
K Ca 0.32 -0.025 [3,10]
Li K ~0.050 75 ~0.005 908 7 [3,10]
Li Na 0.020 16 -0.007 416 [3,10]
Sr Na 0.128 72 -0.020 387 7 S's
Sr K 0.080 43 ~0.035 58 75
Sr Li -0.114 9 0.018 19 75

4 S** Na®,K",Li*//Cl- = H,0
1A 22 FH~T- A 1 R S0

W ER S Na® K", Li"//Cl” -H,0
IR R Pitzer T4 2R RIS 10 25 Fh S48, 04T
T R KA R R AN IR AR FR e R R B
T, ZE A ST, Nat KT //Cl” = H,0 Y
JERE A St ,Na* ,K* | Li*//Cl~ —H,0 T
KR 25 CH R EETT RS R

Wy St ,Na*//Cl” =H,0.S°" ,K*//
Cl™ -H,0 =Jeik R MR CTErTmmE 1, 2
et ATLAE Y, TRONE -5 SE il e gk
WG T8 LIRBIRIS LA B, 8 (i A
SCYER BT R 58, AR IR ] 0k 7 ¢
RIS R SORR, SEMERSR . 58, BRI

XU = TR R AP G R , e T G T 2 A
ARJFH A 5, SE IR, Xz AR R R
Pitzer HLfif SR IE A # ) 2 BORYJE IR A A 3B 45,
A PEA AR S E A R TP AR A 1 45 HL A T Pitzer
SHRHOR A SEUE B,

XTF=J0KZ Lit, S //Cl7 - H,0 f4H
S Ay B)'II/IILI/IHUS] *E 1952 Fo KI)IILI)IHOB“ﬂ +
1965 43 5liE A7 1 W 5%, & 48 th LiCl X} SrClL, A7
A A ERATAE FH, 78 LiCl ¥ B2 45 i ik, 2> {45
SrCl, -6H, 0 JB/K %72 i 2y SrCl, -2H,0,fH Z A
R AH 22 R A B AT IE B = 5 R Y
SrCl, -2H,0 #ifEAE B H HRERYIE &L T, A SCHE
R HEAT T SeCly - 6H, O A Sy V- f [F6 AR A 7% fig
BEHAA, l g LiCl X SeClL g s il . =
JERR L, S //Cl” —H,0 t SeClL, -6H,0 &
StCl, « 2H,0 (1) fEff 3% A8 A, 38 1V > 38 2o 3 2



Aty A LA

Sl KR R A FARP A5 1. Sr,Na, K, Li/CL-H,0 A% 55

ASER DR S0 R B AE o TR AT 8% K & A
KL s o

d——

N

] N0 VO SURRNONS SRR SO

2.5\

m (StCL,)
N

S

i i i | i i
0 2 4 6 8 10 12 14
m (LiCl)

16 18 20

Bs5 HEmL, s’ //a
(AL E SiCL, -2H,0)

Fig. 5 Calculated phase diagram of Li* ,Sr**//Cl~ -
H, 0 system at 25 C ( without SrCl, -2H,0 )
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Table 5 Calculated solubilities for the Sr°* ,Na* ,K*/Cl~ — H,0 system at 25 °C

[ IR BRI K TG "
Myl My Mgl a,

1 5.073 3 2.1307 0.000 0 0.723 5 NaCl + KCl

2 4.808 7 2.1052 0.200 0 0.720 8 NaCl + KCl

3 4.5470 2.0770 0.400 0 0.717 9 NaCl + KCl

4 4.288 6 2.046 1 0.600 0 0.714 8 NaCl + KCl

5 3.7839 1.975 7 1.000 0 0.707 5 NaCl + KCl

6 3.298 3 1.894 0 1.400 0 0.698 7 NaCl + KCl

7 2.6156 1.751 8 2.000 0 0.681 8 NaCl + KCl

8 2.002 5 1.592 1 2.600 0 0.659 2 NaCl + KCl

9 1.753 2 1.517'1 2.870 8 0.646 7 NaCl + KCl + StCl, - 6H,0
10 0.000 0 1.587 0 3.3572 0.680 1 KCl + SrCl, -6H,0

11 0.304 4 1.580 8 3.2712 0.674 3 KClI + SrCl, -6H,0

12 0.617 7 1.571 8 3.1832 0.668 3 KCl + seCl, -6H,0

13 0.940 3 1.559 7 3.093 4 0.662 2 KCl + SrCl, -6H,0

14 1.272 4 1.544 3 3.001 8 0.6559 KCl + SrCl, -6H,0

15 1.614 2 1.5256 2.908 5 0.649 4 KCl + seCl, -6H, 0

16 1.753 2 1.517 1 2.870 8 0.646 7 NaCl + KCl + SrCl, -6H, 0
17 1.918 6 0.000 0 2.938 1 0.673 0 NaCl + SrCl, -6H, 0

18 1.890 0 0.300 9 2.918 5 0.667 7 NaCl + SrCl, -6H,0

19 1.8590 0.603 4 2.901 9 0.662 4 NaCl + SrCl, -6H,0
20 1.825 8 0.907 1 2.888 4 0.657 1 NaCl + SrCl, -6H, 0

21 1.790 5 1.211 4 2.878 0 0.6519 NaCl + SrCl, -6H,0
22 1.753 4 1.516 0 2.870 9 0.646 7 NaCl + SrCl, -6H,0
23 1.753 2 1.517 1 2.870 8 0.646 7 NaCl + KClI + SrCl, -6H, 0

m:mol -kg ™'
HHEEIR SICL, - NaCl - KCl - LiCl - TR RS L HIZER 9, e H oIk R iR 1%

H,0 TOCR RIEEMIESI/ER 6 o N NaCl  HHFFERIE.

*6 HEMHITIAKZR SiCl, - NaCl - KC1 - LiCl - H,0 25 C ¥
Table 6 Calculated solubility for the SrCl, — NaCl — KCI - LiCl — H, O system at 25 C

e VA IRLZE BRI K 35 T8 i

= My Myl Mg Mg, a, 2LiCl 2KCl SrCl,

1 0.0000 1.753 2 1.517 1 2.8708  0.6467 0.000 20.900 79.100 H + Syl + SrC
2 1.0533 1.4759 1.3399 2.5307 0.6275 14.130 17.974 67.897 Ditto

3 2.2167 1.199 4 1.1715 2.1794  0.6029 28.614 15.122 56.264 Ditto

4 4.8747  0.700 3 0.867 2 1.4755 0.5316 56.076  9.976 33.948 Ditto
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#gR6:
P VAL BT K 5 B il -
= My Myacl My Mgy, 2LiCl 2KCl SrCl,
5 7.898 0.3500 0.6307 0.8622 0.4298 77.011 6.157 16.833 Ditto
6 11.0443 0.1656 0.4928 0.4428 0.3159 88.904 3.967 7.129 Ditto
7 14.1692 0.086 5 0.464 1 0.210 7 0.217 0 94.118 3.083 2.799 Ditto
8 17.2269 0.0561 0.5723 0.0916 0.1455 95.799 3.182 1.019 Ditto
9 19.7634 0.049 7 0.903 4 0.038 1 0.106 4 95.277 4.355 0.368 H+Syl+SrC +LC
10 19.8954 0.05954 0.9295 0.000 0 0.106 5 95.540 4.460 0.000 H + Syl + LC
11 19.7558 0.000 0 0.889 9 0.0389 0.106 6 95.330 4.294 0.375 Syl + SrC + LC
12 19.2633 0.04245 0.0000 0.052 14 99.460 0.000 0.540 H +SrC + LC

m:mol -kg ™' ;H = NaCl; Syl = KCI;LC = LiCl-H,0; StC = StCl, -6H,0
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0.00

StCL/6H,0

SrCL, 0.00 025 0.50 075 1.00
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25 CHIK

Fig. 9 Calculated phase diagram of LiCl — NaCl — KCl
- SrCl, — H,0 system at 25 C

(projection diagram from point NaCl)
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Synthesis and Characterization of Lithium bis
( Trifluoromethane Tulfonylimide )

GONG Yan'? LI Fa-giang'’,JIA Guo-feng'”® ,PENG Zheng-jun'’ ,BAI Bin’* FAN Wei’"*
(1. Qinghai Institute of Salt Lakes ,Chinese Academy of Sciences , Xining ,810008 , China ;
2. Unuversity of Chinese Academy of Sciences , Beijing ,100049 , China ;

3. Qinghat Low-Temperature Lithium Ion Battery Technology Engineering Research Center
4. Qinghai Green Grass Energy & Technology Co. Lid. ,Xining 810001, China)

Abstract ; Lithium bis( trifluoromethane sulfonylimide) was synthesized by amination reaction, salification
reaction, acid-base neutralization reaction and metathesis reaction from trifluoromathanesulfonyl chloride.
This work optimized the conditions of lithium bis ( trifluoromethane sulfonylimide ) synthesis by studying
the influence of temperature, solvent, reaction time and flow rate of ammonia. The optimum synthesis
conditions of trifluoromethanesulfonamide were using acetonitrile as solvent and ammonia flow rate of
0.8 mL/min at —10 ~ =5 °C for lh. The optimum synthesis conditions of triethylamine bis ( trifluorom-
ethyl sulfonylimide) were at —10 ~ =5 °C for 3h. All products were characterized by FT - IR, “C -
NMR and ICP. The total yield of lithium bis( trifluoromethane sulfonylimide) is 72.65% .

Key words: Lithium bis ( trifluoromethane sulfonylimide ) ; Lithium ion battery ; Trifluoromathanesulfonyl

chloride ; Metathesis reaction
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Thermodynamics and Phase Equilibria of the QOil Field Brine with
Sr System at 25 °C 1. Sr,Na,K,Li//CI-H,O system

SUN Bai,SONG Peng-sheng, LI Wu,GUO Li-jiang
( Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining, 810008, China)

Abstract : The Oil-field brines in Nanyishan area, in Qaidam basin, Qinghai are abundant liquid mineral
resources with high concentrations of lithium, potassium, boron,iodine etc. Especially, extremely high
content of strontium in these brines is unique in the world. Compositions of brines can mostly be presen-
ted by Li* ,Na® ,K",Sr’" ,Ca’*/Cl™-H,O system. It is different from the classic sea water system, ni-
trate system, and ‘salt lake brine’ system. The phase equilibrium and solution thermodynamic properties
of the system have been studied in our lab. The obtained new data with others in chemical literature were
treated together to get parameters needed for Pitzer thermodynamic model of electrolyte solution. The pre-
dicted phase equilibrium of systems containing Sr°*and Li* at 25 °C were made by using the model. Sol-
ubility data and phase diagrams were presented as an example to illustrate the applicability and reliability
of the model.

Key words: Pitzer ion interaction model ; Thermodynamics ; Phase equilibrium ; Oil-field brine ; Strontium

chloride



